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IMPROVEMENT OF EPA METHOD 8330:
COMPLETE SEPARATION OF EXPLOSIVES
USING A TWO PHASE APPROACH
Michael J. Lang, M.A.
Western Michigan University, 1998
A wide range of primary and secondary contaminants is found in
environmental matrices containing explosive residues. HPLC methodology
for the detection of explosives is now standardized in EPA Method 8330,
and represents the most common method currently used for explosive
analysis. However, co-elution of some of the analytes occurs even using
method 8330. As a result, explosive analysis using HPLC have required
the use of a confirmation column in an additional analysis step.
In the current work, all of the compounds in the EPA 8330
explosives list were resolved using a single HPLC separation. While the
EPA 8330 HPLC conditions and calibrations were retained in the current
method, the separation was improved using a two phase column system.
Implementation of this improved method has the potential to greatly
improve sample throughput and decrease the cost of analysis.
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"I want an America in the year 2000 where no child should
have to live near toxic waste dump, where no parent should
have to worry about the safety of a child's glass of water, and no
neighborhood should be put in harm's way by pollution from a
nearby factory."
President Clinton
Kalamazoo, Michigan
August 28, 1996

INTRODUCTION
Explosives as a Chemical Class
An explosive is a stable material that, ·upon proper stimulation,
rapidly changes from a solid or liquid into a hot, expanding gas. The
pressure exerted on the surrounding materials by the expanding gas
constitutes an explosion.
Explosives are used in a wide variety of civilian and military
tasks. For example, tunnel construction, obstacle clearing, and open
pit and underground mining all employ large quantities of explosives.
Explosives are also used as propellants for firearms and rockets; as
bursting charges for bombs, mines, artillery projectiles, torpedoes, and
hand grenades, and for general engineering and demolition work.
The first explosive known was gunpowder, also called black
powder and is a mixture of 75 percent potassium nitrate, 15 percent
charcoal and 10 percent sulfur. In use by the 13th century, gunpowder
was the only explosive known for several hundred years. In 1846 the
Italian Ascanio Soberro invented nitroglycerin, (C3H5(NO�)s) an
explosive so sensitive that it was virtually unusable. Nitroglycerin
became important later, however, when in 1867 the Swedish inventor
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Alfred Nobel combined it first with siliceous earth and later with wood
pulp to produce dynamite.

Construction
Metal mining 7%
11%

Other
4%

Quarrying
13%

Coal mining
65%

Figure 1. Explosives Use for the Industrial Markets in 1996 (1).

In 1996, 2.3 million megatons of explosives were produced in the
United States for industrial applications (2). Figure 1 shows that
mining constituted the major industrial use. Military applications of
explosives are known to include armor piercing shells, fragmentation
bombs, and plastic explosives. However, details on the military use of
explosives are classified. Production and use of military explosives are
at a minimum during peace time.
Explosives are grouped into two main classes: low explosives,
which burn at rates of inches per second, and high explosives, which
undergo detonation at rates of from 914 to 9140 meters per second
(m/s) (3). The shattering effect or brisance of an explosive depends
•
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upon the velocity of detonation. Other important characteristics that
influence the use of explosives in specific applications include the ease
with which they can be detonated and their stability to conditions of
heat, cold, and humidity (3). Some of the newer high explosives, such
as RDX and HMX, have detonation rates of 9140 m/s and are
extremely effective for military demolition and certain types of blasting
(4). For quarrying and mining, when it is desirable to dislodge large
pieces of rock or ore, explosives with a lower detonation velocity and
lower brisance must be employed. Explosives used as propellants in
rifles and cannon need to burn even more slowly, as they need to
deliver a steadily increasing force on the projectile in the barrel of the
gun rather than a sudden shock which, if strong enough, might break
the gun. Special types of explosives that are sensitive to heat or shock
and have a medium-high brisance are used to initiate the detonation of
less sensitive high explosives. High explosives are often mixed with
inert materials to reduce sensitivity and lower brisance, as in the case
of dynamite.
Environmentally Relevant Explosives
There are a total of 6 explosives that have been deemed
environmentally relevant. Select physical properties for these

4
compounds appear in Table 1.
TNT

TNT (2,4,6-trinitrotoluene Figure 2) has become the

standard by which all other explosives are measured. TNT is very
resistant to heat, having an ignition point of over 240° C (5).
Discovered in 1863 for use in the dye industry, TNT was not used as
an explosive until 1904. Having achieved widespread useby World
during World War I, TNT was the standard military high explosive of
Table 1
Physical and Chemical Properties of Explosives Compounds and
Manufacturing Impurities (5,6, 7,8,9,10,11,)

Com�ound

Melt. Pt. 0c

Boil. Pt. oc

Water Solubility (mg/L}

Log Ka

TNT

80.65

240 explodes

130@20°c

Tetryl

129.45

decomposes

80@ 20°c

1.65

303

460@15°c

1.49

315 explodes

278@15°c

1.18

20°c

0.86

DNB

91

TNB

122

1.86

RDX

204

decomposes

42@

HMX

278

decomposes

5.0@25°C

0.06

211

1980@20°c

1.85

NB

5.8

2NT

-10

222

0.049@2o0c

2.30

3NT

15.5

232

498@30°c

2.30

4NT

53

238

65@30°C

2.30
1.98

2,4DNT

70

decomposes

270@22°C

2,6DNT

64

decomposes

206@25DC

2.02

2ADNT

176

2800@2o0c

1.94

4ADNT

171

2800@20°C

1.91
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Table 1-Continued
ComQound

Mol. Wt.

TNT

227.13

Tetryl

237.14

DNB

168.11

TNB

Henry's Law b
0.18

VaQOr Press.@20°C {torr}

TLV{mgfM3}

1.1 X 10·6

0.1

5.7 X 10·9

1.5

1.8

·3_9 X 10-3

1.0

213.11

1.5

2.2 X 10·4

NA

RDX

222.26

2 X 10·5

4.1 X 10·9

1.5

HMX

296.16

3.3 X 10· 14

1.5

NB

123.11

3.5 X 10·5

liquid

5.0

2NT

137.13

5 X 10·5

liquid

30

3NT

137.13

5 X 10·5

liquid

30

4NT

137.13

5 X 10·5

2.2 X 10·4

30

2,4DNT

182.15

3.4

2.2 X 10·4

1.5

2,6DNT

182.15

18

5.67 x10·9

1.5

2ADNT

197.17

3 X 10·3

4 X 10·5

4ADNT

197.17

1 X 10·3

2 X 10·5

a = Octanol/water partition coefficient
b = constant He, units = torr / M
c = Theshold Limits Value for airborne contaminants at 25 °C, 760 torr

Figure 2. The Structure of TNT.
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War II. As an explosive, TNT is used in both the compressed and in
the cast form in shells and also in demolition charges.
TNT is used either by itself or mixed with other ingredients and
explosives to produce many subtypes with differing performance
characteristics. For large caliber armor piercing shells, the sensitivity
of TNT alone is too high. As a consequence TNT is usually combined
with small amounts of inert materials. The advantages of TNT are its
low sensitivity to impact and friction, safe handling, considerable safe
storage, relative safe manufacture and high explosive power (11).
Because of these advantages TNT is one of the most commonly used
high explosives in the world (12).
Tetryl Tetryl (2,4,6-trinitrophenylmethylnitramine, Figure 3)
known since 1877 as a redox indicator, has been used as an explosive
since 1906 (5). Tetryl is a more powerful explosive than TNT and is
more sensitive to impact and friction. During World War I, because of

Figure 3. The Structure of Tetryl.
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its explosive power and sensitivity to ignition, tetryl was used in the
filling of blasting caps. During World War II, tetryl was also utilized
as a component of high explosive mixtures.
DNB and TNB Dinitrobenzene (DNB, Figure 4) was first used
as an explosive in 1879. DNB shows an exceptional low sensitivity to
friction and impact but has less explosive power than TNT. DNB was
used during World War I as a substitute for TNT because benzene, the
raw material for its synthesis, was more readily available than
toluene, the raw material for TNT synthesis. DNB was also used as a
substitute for TNT because the production process was more
economical.

NO�o
2
1/

Figure 4. The Structures ofDNB and TNB.

Although trinitrobenzene (TNB, Figure 4) is easily synthesized
and is a more powerful explosive than TNT, its manufacture is too
expensive. TNB is most commonly found as a by product of TNT
production.
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RDX and HMX RDX (hexahydro-1,3,5-trinitro-1,3,5-trazine,
Figure 5) is the building block for many explosive compounds. First
discovered in 1899, RDX was not used as an explosive until after
World War I. In World War II, RDX acheived importance as a
replacement for tetryl in detonators. Although it is highly sensitive
and difficult to shape, when combined with other materials, RDX

Figure 5. The Structures of RDX and HMX.
produces the highest energy yield and detonation pressure of any
common explosive and is therefore often used by the military in armor
piercing shells, fragmentation bombs, artillery projectiles, and hand
grenades (6). Mixtures of RDX with elastomeric or polymeric binders
produce the "plastic" explosives; because they can be molded by hand
and detonated electrically, they are commonly used in terrorist bombs
(13).

9

HMX (1,3,5.7-tetranitro-1.3,5,7-tetrazocine, Figure 5) has been
used in military applications as a burster charge for artillery shells
and as a component of solid-fuel rocket propellants. Although HMX
and RDX are almost identical in chemical reactivity, an explosion of
HMX is superior to RDX because HMX has a higher ignition
temperature and is more stable. However, the explosive power of
HMX is somewhat less powerful than that of RDX. Therefore, HMX is
not used independently as an explosive but is combined with RDX (14).
Table 2 lists some applications of military explosives.

Table 2
Explosives Used in Military Compositions (15)
Compound

Application

HMX

Explosive charge, booster. oxidizer in solid rocket and gun
propellants

RDX

Base charge in detonators, blasting caps, oxidizer in gun propellant.
ingredient for projectiles and bombs

TNT

Bombs, HE projectiles, demolation charges, depth charges, grenades,
propellant compostions

24DNT

Ingredient of propellants, dynamites and plastic explosives

Tetryl

Boosters, ingredient of explosive mixtures, detonators and blasting
caps, discontinued use in 1979
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Manufacturing Impurities Found in Explosive Residues

Nitrobenzene (NB, Figure 6) was first identified in 1834 and is
widely used in the preparation of many explosives. The
dinitrotoluenes (2,6-DNT, 2,4-DNT, Figure 6) are isomeric impurites
of explosives manufacturing. The nitrotoluenes (2NT, 3NT, 4NT),
Figure 7, are isomers that are impurites of explosives manufacturing.

Figure 6. The Structures of NB; 2,6 DNT; and 2,4 DNT.

Figure 7. The Structures of 2NT; 3NT; and 4NT.

Toxic Effects of Explosives

Exposure to TNT has been reported to result in serious toxic
effects (16-26). TNT gains access to the body through multiple routes,
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including inhalation and adsorption through the eyes (27). A variety of
illness have been traced to the adsorption of TNT, including aplastic
anemia, toxic jaundice, cyanosis (the intense blue discoloration of the
lips, mucous membranes, and face of the victim), gastritis, and
dermatitis (5). It is believed that TNT induces anemia, the most
common syptom of TNT poisoning, by causing the destruction of red
blood cells and causing liver injury (28). Studies have shown that
prolonged exposure of TNT results in the formation of covalent binding
between TNT and macromolecular proteins including seerum albumin,
hemoglobin and renal proteins. Chronic exposure to TNT has been
shown to cause cataracts. In a study of workers at a TNT
manufacturing site, cataracts were detected in 29 out of 126 workers.
It is theorized that TNT may bind with the protein of eye lens (27).
TNT also exhibits mutagenicity in the AMES screening test (55) and it
is this mutagenicity that serves as the basis for EPA limits on TNT
levels in drinking water (Table 3).
Historical accounts of TNT poisoning are clustered around the
World Wars. During the first seven months of World War I, a single
U.S. ammunition factory reported 17,000 cases of TNT poisoning
including 475 fatal poisonings (5). After changes were made in the
way TNT was handled at the factory, the number of poisoning cases
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declined over the next 20 months to 7000 and the number of fatalities
to 105. During the same time, a German ammunition factory reported
Table 3
Drinking Water Criteria for Munition-related Chemicals

Compound

Criteria (ug/L)

Reference

TNT

1.0*

EPA(1989)(29)

RDX

2.0 *

EPA(1988)(30)

HMX

400 *

EPA(1988)(31)

24DNT

0.17 +

EPA(1980)(32)

26DNT

0.0068

EPA(1980)(32)

TNB

1.0*

Etnier(1987)(33)

* Lifetime exposure cancer risk level 10· 6
+ Recommended criteria for cancer risk of 10·6
only 443 cases of TNT poisoning and 13 fatalities for the entire four
years of the war.The reason for the lower number of poisoning cases in
Germany is that TNT had been manufactured in Germany for many
years before World War I and safety regulations had become well
established there (5). By World War II, all industrial nations had
established better production methods and safety regulations for TNT.
During World War II, the number of serious cases of TNT poisoning
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reported in the US was down to 379 with only 22 fatalaties (34).
However, in a Yugoslavian factory during World War II, 42 of the 66
men in the work force were poisoned (35).
TNT is not only toxic to humans but also inhibits growth of
many fungi, yeasts, actinomycetes and bacteria (36). Additional
studies have shown that concentrations of 25-80 mg/L of TNT in waste
water lowered the oxygen consumption of bacteria by 5-30% (37). The
ability of TNT to adversely affect fungal and bacterial populations has
been hypothesized to limit biodegradations of TNT in the environment
(28).
Like TNT, tetryl is toxic. Breathing its dust induces symptoms
of poisoning (28). Tetryl has a particularly potent effect on the skin,
making it yellow and irritated. Reports from a US factory during
World War II showed that out of 1258 workers handling tetryl, 944 fell
ill (5).
DNB and TNB are also highly toxic. Poisoning can be caused by
inhaling DNB vapors or by direct contact with skin. DNB affects
human blood and liver, and causes amenia (28). TNB also causes
amenia, cyanosis, and liver damage (28). During World War I,
German ammunition factories producing DNB reported cases of
poisoning in over 40% of the workforce even with safety precautions in
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place (5). Women are reported to be more sensitive to DNB poisoning
than men (5). Due to the high toxicity and low explosion power, DNB
has rarely been used as an high explosive since World War I and is
most commonly found as a by-product to TNT production. These effects
are likely to be mediated via a mechanism similiar to that seen with
TNT.
No explicit harmful effect has been traced to workers employed
in the production or handling of RDX. Its toxicity appears to be
considerably limited by its solubility which prevents RDX from
entering the blood stream (8). Very little is known of the human
toxicity of HMX. As RDX and HMX are similar in their chemical
structure, it can be assumed that they may have similar toxic and
environmental effects (28).
The effect of NB in humans is amenia, liver damage, and
possible damage to the nervous system (5). Poisoning of NB may be
caused by inhaling vapors, direct contact to skin, or drinking water
poisoned by NB. 2,4 DNB and 2,6 DNB are toxic but less toxic then
DNB (28). Their effects are also likely to be mediated via a mechanism
similiar to that seen with TNT.
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Explosives in the Environment
Since the end of the Cold War, various governments have begun
to dismantle military installations and munitions plants in accordance
with non-proliferation agreements and disarmament treaties. As a
result of these efforts, major environmental problems are being
discovered at many locations. Lands surrounding military
installations are found to contain explosive residues such as TNT and
associated impurities (38-40).
A wide range of primary and secondary contaminants is found in
environmental matrices containing explosive residues. Because RDX
and HMX are often used in explosive formulations together with TNT
(41), they are normal constituents in these matrices (42). Residues of
TNT also are often accompanied by co-contaminants that represent
manufacturing impurities, including NB, 2,4- and 2,6-dinitrotoluene
(24DNT, 26DNT), dintro- and trinitrobezene (DNB, TNB), and the
nitrotoluenes (2NT, 3NT, 4NT)(43).
Degradation products and metabolites of explosives can be
produced in contaminated soils in situ (44-46). Many bacteria and
fungi are capable of reducing the nitro groups of the nitroamine
explosives to amines. The biotransformation products of TNT include
4-amino-2,6-diaminonitrotoluene (4ADNT) and 2-amino-4,6-
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diaminonitrotoluene (2ADNT)(47-51)(Figure 8). TNT is also
metabolized by plants to 2ADNT and 4ADNT (52), and could provide a
vehicle by which these compounds could enter the food chain. TNT

Figure 8. The Structures of 2,4 ADNT and 2,6 ADNT.

reduction products have been identified in the blood and urine of
personnel from explosives manufacturing plants (53). Since the Army
leases large areas of government land to private farmers at many
installations accross the Unitied States and some of this land is
contaminanted with explosive residues, the food chain maybe
contamianted as well (10).
In addition to being toxic and mutengenic, explosives are also
environmentally persistent. Referring back to Table 1, explosives
residues as a group have high water solubility from an environmental
standpoint. The octanol-water partition coefficient predicts the affinity
of organic contaminants for soil. Explosive residues have low octanol
water coefficient values, thus a low affinity for soils and a tendency not
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to be immobilized by soils. Henry's law is the air-water partition
coefficient and these values for explosives residues are low, meaning
there is little driving force to volatilize explosive residues out of water,
including groundwater. The environmental fate of explosive residues
as a group is therefore degradation, infiltration into the groundwater,
and groundwater transportation. Thus the residues of these chemical
in the soil can be a source of groundwater pollution both on Army
installations and beyond the installation boundries (55-59).
Findings from studies initiated by the U.S. Army support the
theortical enviromental fate dterminations. Some of the common
finding are that TNT and RDX are the most frequently found explosive
residues on military installations with highest concentration,
occurring up to a per cent in soil (10,15). TNT is ussually accompanied
with detectable quantities of TNB, 24.ADNT, 26ADNT, and
24DNT(10,15) TNB is a phototransfromation product of TNT, while
24ADNT, 26ADNT, and 24DNT are biotranformation products of TNT.
TNT and TNB in water were found on military installations to be three
times the EPA limits for cancer risk (Table 2) while 24DNT and 26
DNT in water were also found to be above the EPA limits. RDX was
accompanied by HMX in 37% of the RDX findings(15).
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The highly toxic nature of explosive residues, coupled with their
persistence in the environment, requires thorough characterization of
contaminated areas (19,39,40). Because of the toxicity and
mutagenicity of these compounds, analytical methodology for explosive
compounds has important environmental and biomedical applications.
Methods for Detection
Remedial action and environmental monitoring require fast and
efficient methods for identifying and quantifying explosive compounds,
manufacturing impurities and their transformation products or
metabolites. Gas chromatography can be used to detect and quantify
�ome explosives, such as TNT, DNB, TNB, and NB (60-64). However,
thermally unstable explosives, such as RDX and HMX, cannot be
analyzised by gas chromatography. Other methods, such as,
supercritical fluid chromatography (65-67), liquid chromatography (6880), liquid chromatography-mass spectroscopy (81-84), thin layer
chromatography (85), and micellar electrokinetic capillary
chromatography (86) have also been used. However, none of these
techniques are able to completely separate all the explosive
compounds. In the analysis of explosives, high performance liquid
chromatography (HPLC) with ultraviolet detection is ideally suited for
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the separation of thermally unstable and non-volatile compounds,
allowing nitroaromatic and nitramine explosives to be detected at
concentration down to 2.5 ppb in extracts of water, soil, or sediment
(87-89). Reported first by Bratin et. al (54) and Kaplan (55), in the
early 1980s, HPLC methodology for explosives is now standardized in
EPA Method 8330 (Table 4) and represents the most common method
Table 4
List of EPA Method 8330 Explosive Compounds (87)

Compound

Abbrev.

Octahydro-1,3,5,7-tetranitro-l,3,5,7-tetrazocine
Hexahydro-1,3,5-trinitro-l,3,5-trazine
1,3,5 Trinitrobenzene
1,3 Dinitrobenzene
2,4 Dinitrotoluene
2,6 Dinitrotoluene
Methyl-2,4,6-tritrophenylnitramine
Nitrobenzene
2,4,6-Trinitrotoluene
2-Amino-4,6 dinitrotoluene
4-Amino-2,6 dinitrotoluene
o-nitrotoluene
m-nitrotoluene
p-nitrotoluene

CASNo

HMX
2691-41-0
121-82-4
RDX
TNB
99-35-4
DNB
99-65-0
24DNT
121-14-2
26DNT
606-20-2
479-45-8
Tetryl
NB
98-95-3
118-96-7
TNT
2ADNT 35572-78-2
1946-51-0
4ADNT
2NT
88-72-2
3NT
99-08-1
4NT
99-99-0

currently used for explosive analysis. However, co-elution of some of
the analytes occurs even using EPA Method 8330. As a result,
explosive analyses using HPLC have always required the use of a
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confirmation column in an additional analysis step. Additional
properties of explosive compounds are listed in Table 5.
Table 5
More Properties of Explosives and Manufacturing Impurities

Compound

at Room Temp.

Soluble with

Trade Names

TNT

light yellow needle crystals

sulufuric or nitric acid

tolite,tri,trinol,tol

Tetryl

pale yellow crystals

cone. acids; acetone

pyronite,tetrylite

DNB

pale yellow crystals

organic solvents

TNB

pale yellow crystals

organic solvents

RDX

hard, white crystalline solid sulfuric or nitric acid

hexogen,cyclonite

HMX

white crystalline solid

sulfuric or nitric acid

oct, octogen, TB

NB

pale yellow liquid

water

2NT

pale yellow liquid

organic solvents

3NT

pale yellow liquid

organic solvents

4NT

pale yellow crystals

organic solvents

DNB

pale yellow crystals

organic solvents

Goals of Research
The focus of this project is to develop an improved analytical
methodology for the explosive compounds currently included in EPA
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Method 8330 (Table 4). In the current work, all of the compounds in
the EPA 8330 explosives list were resolved using a single HPLC
separation. While the EPA 8330 HPLC conditions and calibrations
were retained in the current method, the separation was improved
using a two phase column system. Implementation of this improved
method has the potential to greatly improve sample throughput and
decrease the cost of analysis.

EXPERIMENTAL SECTION
Instrumentation
HPLC measurements were carried out on a Varian Star HPLC
system which included: a 9012 Gradient Solvent Delivery System, a
9050 UV-VIS Detector, a 9300 Refrigerated AutoSampler, and a Star
Chromatography Workstation.
Materials
Water and all organic solvents were Burdick and Jackson
HPLC grade. Explosive standards were obtained from Accustandard
as solutions in 1:1 methanol:acetonitrile. Columns used in the current
work were: Bondesil C-18 (250 mm x 4.6 mm); Bondesil C-18 (150 mm
x 4.6 mm); Nucleosil C-18 (250 mm x 4.6 mm); Pickering Carbamate C18 (250 mm x 4.6 mm); MicroPak C-18 (150 mm x 4.6 mm), end capped;
MicroPak C-18 (150 mm x 2.0 mm); Micro Scientific Fast LC C-18 (30
mm x 4.6 mm); Hypersil Green (150 mm x 4.6 mm); Res Elut C-18 (250
mm x 4.6 mm); Res Elut C-18 (150 mm x 4.6 mm); Res Elut C-18 (30
mm x 4.6 mm); Res Elut CN (250 mm x 4.6 mm); Res Elut CN (30 mm
x 4.6 mm); Bondesil CN (250 mm x 4.6 mm).
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Analytical Parameters
In addition to stationary phase, flow rates (0.5 ml/min, 1.0
ml/min, 1.5 ml/min, and 2.0 ml/min) and injection loop volumes (20 uL,
50 uL, and 100 uL) were tested. The mobile phase was an isocratic
mixture of methanol and water as prescribed by the EPA Method 8330.
Final Chromatographic Conditions
Mobile phase = 50% methanol, 50% water
Flow rate = 1.5 ml/min
Injection value = 20 uL
UV detector = 254 nm
Column = 3.0 cm CN in front of 25 cm Bondesil C-18.
QA/QC
Working standards were made in methanol and stored at 4°C in
the dark. The working 8 point calibration curve for analytes ranged
from 1 to 1000 ug/ml (1 ppb - 1 ppm). The working standards were
analyzed in triplicate and peak areas were used for the calibration
calculations. The calibration curve for each analyte was linear with a
zero intercept. Individual explosive compounds were run to determine
the identity of each peak.

RESULTS AND DISCUSSION
Performance of EPA Method 8330
EPA Method 8330 specifies the use of two columns for the analysis
of 14 target nitrobenzene, nitrotoluene, and nitroamine explosives (Table
2). Primary screening in this method is performed using a 25 cm x 4.6
mm, 5 um particle size reverse phase octadecyl (C-18) column.
Confirmatory analysis is performed using a 25 cm x 4.6 mm, 5 um
particle size normal phase cynopropyl (CN) column. Figure 9 shows a
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Figure 9. Chromatqgram of EPA Explosives Using a 25 cm Bondesil C18 Column.
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chromatogram obtained using a Bondesil C-18 column (25 cm x 4.6 mm)
that exemplifies the results obtained from EPA Method 8330 primary
screening. While excellent peak shape is apparent, co-elution occurs for
2ADNT and 4ADNT, making a confirmation run necessary. Figure 10
shows the results of a Result CN (25 cm x 4.6mm) column confirmation
run. Typical of the confirmation run is the separation of 2ADNT and
4ADNT but co-elution of many of the three nitrobezenes.
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Figure 10. Chromatograph of EPA Explosives Using a 25 cm CN
Column.
Weisberg and Ellickson (90), two EPA chemists, have reported that
the results obtained with EPA Method 8330 can be improved by using a
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methanol/water gradient for the primary C-18 column and an
acteconitrile/water mobile phase for the cyano confirmation column.(90).
(The original method called for a 50/50 methanol/water mobile phase with
both the primary and confirmation columns.) Even with these
modifications, there is co-elution of the 2,4DNT and 2,6DNT, as well as
2ADNT and 4ADNT on the C-18 column, therefore requiring the second
run on the cyno confirmation column.

Performance of the Two-Phase Approach
Figure 11 shows complete separation of the 14 compounds in EPA
8330 explosive list. Separation was accomplished using a short 3 cm
normal phased CN guard column (Resulut) in series with a 25 cm reverse
phase C-18 column (Bondesil). The linearity of the working calibration
curves of the explosive analytes had correlation coefficents of as high as
.997914. Figure 12 shows the calibration curve of TNT is an example of
the linear range of the system. Table 6 lists the correlation coefficents for
each of the explosive analyte calibration curves based on three replicates.
The use of two phases in series has been investigated previously
for explosive analysis (73-75). For example, Jenkins and Grant used a
combination of cyano and C-18 columns but reversed the order of the
phases, with C-18 pi:-eceding CN in the series (73). This combination
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Figure 11. Chromatogram of EPA Explosives Using a 3 cm CN Column
in Series With a 25 cm Bondesil C-18 Column.
sucessfully separated a shortened analyte list that did not include
DNB,TNB, 4ADNT, 2ADNT, 24DNT, and 26DNT. However, as Figure 13
shows, this combination does not separate the full series of compounds
that are on the EPA 8330 list.
Like the results obtained with the CN column alone, co-elution
with the CN-C-18 series is observed for all of the NT isomers, and also for
TNB from DNB. Key differences between the reversed series and CN
alone are the relative positions of RDX, TNT,and the TNB-DNB peaks.
The failure of the reversed series to separate the 14 compounds is largely
a result of the dominance of the CN phase, which fails to separate the NT
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Table 6
Calibration Curve Correlation Coefficents
Compound

Corr. Coeff.

Compound

Corr. Coeff.

HMX
RDX
TNB
Tetryl
DNB
NB
TNT

0.995588
0.996433
0.996043
0.995388
0.995721
0.995139
0.997914

4ADNT
2ADNT
26DNT
24DNT
2NT
4NT
3NT

0.994923
0.994912
0.996421
0.996236
0.993331
0.994351
0.996096
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Figure 13. Chromatogram of EPA Explosives Using a 3 cm C-18 Column
in Series With a 25 cm CN Column.
isomers and TNB from the DNB. This means that separation of these
compounds falls to the C-18 column.

Separation of the NT isomers,

along with TNB and DNB, can be acheived on the 25 cm C-18 column
(Figure 10). However, a short C-18 column is inadequate to affect
separations of these compounds. This is illustrated by a comparison to
Figures 13 and 14. In both cases, chromatograms were obtained using
the same short CN column in series with a Bondesil C-18 column.
However, the chromatogram in Figure 14 was obtained using a 15 cm
column instead of a 25 cm column. Intermediate between the previous
reversed series 3 cm C-18 column and the current system using a 25 cm
column, this 15 cm column results in partial co-elution of DNB with NB
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Figure 14. Chromatogram of EPA Explosives Using a 3 cm CN Column
in Series With a 15 cm C-18 Column.
and incomplete separation of the NT isomers. Results obtained with the
other four 15 cm C-18 columns were similiar. This suggests that
complete separation of these compounds requires the longer 25 cm C-18
column and that the short C-18 column used in the previous two phase
systems would be unable to achieve separation. Consistent with this,
complete separation reported in earlier two phase systems (73-75) always
involved EPA explosive lists shortened to exclude 2ADNT, 4ADNT,
26DNT, and 24DNT.
The contribution of the short CN column to the total separation of
the 14 explosive compounds is relatively small. A comparison of Figures
9 and 11 shows that"insertion of the CN column in front of the C-18
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column does not affect the elution order or separation of the first six or
last five compounds. The key differences are the separations of 2ADNT
and 4ADNT and the change of elution order of TNT relative to 2ADNT
and 4ADNT. Both results appear to be a consequence of interaction of
2ADNT and 4ADNT with the CN column, which results in both
separation and longer retention times for both compounds. This is
supported by a comparison of Figures 9 and 10, which show that both the
CN and C-18 columns have the ability to separate 2ADNT and 4ADNT.
However, the elution orders achieved on the two columns are reversed.
The CN and C-18 columns in series therefore are not cooperative in their
contribution to this separation. Instead, interactions between the CN
phase and the 2ADNT and 4ADNT is apparently strong enough to
achieve separation that cannot be overcome by the reversed interaction
strengths with the C-18 column. This same interaction apparently
lengthens the compounds retention times in addition to changing the
elution order of TNT relative to 2ADNT and 4ADNT.
Another key difference between the 15 cm and 25 cm C-18 columns
is the co-elution of tetryl and DNB. Coelution of tetryl also is observed in
chromatograms obtained with the Supleco C-18 column used by the EPA
in developing method 8330. This appears to be largely a result of carbon
loading. Carbon loading is the length of the aklyl chain attached to the
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octadecysilane and how strongly the aklyl groups are bound to each
other. A long aklyl chain that is very tightly bound is said to have a high
carbon loading. Bouvier (92) using a Novo-Pak C-8 column and a mix of
EPA explosives excluding 2ADNT and 4ADNT, achieved separation of the
other 12 compounds but found that tetryl eluted after DNB and NB,
instead of before DNB and NB as seen with the 25 cm Bondesil C-18
column (Figure la). Morehead (93) using a Restek 25 cm C-18 column
alone, showed that tetryl elutes between DNB and NB. Retention of
explosives on the column is also affected by variations in the procedures
used by different column manufacturers to bond the stationary phase to
the silica surface. Percent carbon load can be used as a measure of the
degree and type of stationary coverage. When using the 50/50,
water/methanol mobile phase specified in EPA Method 8330, HPLC
columns packed with silica that was a higher percent carbon load will
have longer retention times and elution order changes (94).
Additional work also supports manufacturer specific column
preformance. The change in tetryl behavior on equivalent columns of the
same phase reaffirms the conclusions of other work, that the properties of
HPLC columns vary with manufacturer (95). For example, Walczak (96)
compared 23 reverse phase columns using a target test procedure. The
conclusions of the study showed that carbon loading and the accessibility
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of the sinanol groups are the real characteristics that affects selectivity
while the source of the silica, the compression technique and the type of
organic layer are characteristics that have no affect on selectivity (95).
In a smaller but similar study, chemists at Hoffmann-La Roche
(96) compared three reverse phase columns using the non-polar solvent
heptane and showed that nitrobenzene (NB) is strongly retained on a C18 column with a large carbon loading of 5% while it is barely retained on
a column a small carbon loading of almost 20%. They also showed that
nitrobenzene and benzene on the 5% carbon loaded column is is about
eight minutes with a flow of 1.0 ml per minute while on the almost 20%
carbon loaded column the compounds co-elute (96). If the Hoffman-La
Roche study is extrapulated to the polar solvent combination of methanol
and water the opposite behavior would be expected. This means that the
almost 20% carbon loaded column retaining nitrobezene longer than the
5% carbon loaded column. These extrapolated results are consistant with
the explosive data and confirm the result from this investigation.
The effect of manufacturer specific column performance also shows
up in this work. The complete separation of the 14 compounds on the
EPA explosives list could be acheived using the two phase system only
when the Bondesil 25 cm C-18 column was the second phase used. Three
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other 25 cm C-18 columns tested in the series produce incomplete
separations as shown in Figures 15-17.
The results in Table 7 show a comparison of the order of elution of
the explosive compounds using different LC columns. The carbon loading
is greatest in the Bondesiel C-18 column and iowest in the Micropak C-8
column. Notice the movement of Tetryl in relation to NB and DNB, it
elutes faster with realtion to increased carbon loading. Also co-elution
decreases with increaesed carbon loading. The increase in carbon loading
increases the resolution of the separation of the EPA explosive
compounds.
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Table 7
Comparison of the Order of Elution of Explosive
Compounds Using Different LC Columns
C-18

CN-

C-18

Res Elut Bondesil Restek

C-18
EPA

C-8

C-18-

Micropak Bondesil

CN
Res Elut

CN

C-18

Res Elut

Bondesil

HMX
RDX
TNB
TETRYL
DNB
NB
TNT
4A
2A
26DN'I'
24DNT
2NT
4NT
3NT

HMX
RDX
TNB
TETRYL
DNB
NB
2A,4A
TNT
2,6DNT
24DNT
2NT
4NT
3NT

HMX
RDX
TNB
DNB
TETRYL
NB
TNT
2A, 4A

HMX
RDX
TNB
DNB
TETRYL, NB
TNT
2A

HMX
RDX
TNB
DNB
NB
TETRYL
TNT
24DNT
26DNT

26DNT,24DNT 26DNT,24DNT
2NT
4NT
3NT

2NT
4NT
3NT

2NT
4NT
3NT

NB
TNT
ALL NT

NB
ALL NT

TNB, DNB
26DNT
TNB, DNB 26 DNT
24 DNT
TNT
24DNT
4A
RDX
2A
4A
RDX
2A
TETRYL TETRYL
HMX
HMX

Injection Loop Volume
One of the changes that was made to the EPA 8330 Method in this
investigation was a smaller injection loop of 20 uL as compared to the 100
uL injection loop called for in the EPA method. For the two phase system
the 100 uL injection loop caused co-elution of RDX and TNB, also,
2ADNT, 26DNT, and 24DNT as shown in Figure 18. The effect of the
larger injection loop volume on separation can be traced to the amount of
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solvent introduced with the analytes in the loop.
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Figure 18. Chromatogram of EPA Explosives Using a 3 cm CN Column in
Series With a 25 cm Bondesil C-18 Column Using a 100 uL Injection
Loop.
According to Dolan (97), the general rule of thumb for injection volume is
to use as much as 15% of the peak volume with immunity from practical
problems when using the mobile phase as the injection solvent. In the
current system, the injection sovlent was methanol while the mobile
phase was 50/50 water/methanol. The primary effect of this solvent
would be expected to occur in the short cyno column which has a volume
of .632 mL. Reaching the column together, the injection solvent and
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analytes would interact with the cyano column as if the methanol was
the was the mobile phase. The larger injection loop introduces a larger
amount of methanol on the column, allowing the analytes to go through
the column faster and thus changing the resolution of the column. The
use of the smaller injection loop is therefore nessecary to achieve the
needed resolution for complete separation of all 14 analytes on the EPA
Method 8330 list, when the injection solvent is methanol alone.

Flow Rate

Mobile phase flow rate was varied during the development stage of
the method. The results were as expected. When the flow rate was
increase over 1. 6 milliliters per minute the analytes came through the
column faster but some resolution was lost and co-elution was evident for
the dinitrotoluenes (24DNT and 26DNT). When the flow rate was
decreased, the resolution was maintained and co-elution was not
observed but the overall run time was increased to over 35 minutes.

SUMMARY
The use of the unique combination of 30 mm Res Elut CN column
in series with a 250 mm Bondesil C-18 column produces complete
separation of all 14 explosive compounds in a single run. As evident from
the original EPA Method 8330, resolution of the 14 compounds is
predominantly a result of the C-18 column, with carbon loading affording
the Bondesil C-18 column an advantage in separating 2,6-DNT from 2,4DNT, and tetryl from NB. The contribution of the short CN column to
the total separation appears to be limited to reversing 2ADNT and
4ADNT. However, this small contribution is enough to affect the
complete separation of all 14 explosive compounds. The ability to
separate all 14 explosive compounds in a single run can improve sample
throughput, decrease analysis times, and eliminate the need for
repeating injections on a second column. The two phase approach
therefore is potentially an excellent approach to achieve complete
separation of analyte systems having co-elution. This two phase method
is an improvement over the current EPA Method.
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